Background: Intracranial arachnoid cysts are benign developmental lesions with CSF-like fluid collection inside. As the exact pathogenesis and natural history are still unclear, there has been no treatment guideline of intracranial arachnoid cysts so far.
A retrospective case cohort study of managements and outcomes of pediatric patients with intracranial arachnoid cysts interventions [1] [2] [3] [4] [5] [6] . A survey of neurosurgeons has suggested that surgical managements were also preferred for asymptomatic huge cysts or growing cysts without any symptoms in order to improve brain development or avoid skull malformation [4, 5, 7] . Regarding the operative modalities, some authors believed that the failure rate of cyst resection or fenestration was much higher in children under 3 years old and additional shunts might be required to relieve symptoms [6, [8] [9] [10] . In reality, subdural fluid collection, subdural hematoma, hydrocephalus, CSF leakage, cyst re-growth and the need of additional operations after cyst resection or fenestration might occur in any age group [3, 6, [10] [11] [12] . Therefore, CP shunt is recommended in the treatment of arachnoid cyst due to high complication incidence following cyst resection or fenestration, especially in young children [9, 11, 13, 14] , even though the risks of infection, obstruction and over-drainage cannot be excluded [15, 16] . In the current study, we have retrospectively studied the clinical data of pediatric patients below the age of 14 years old with IACs treated in our department from 2011 to 2016. Our objective was to correlate the clinical characteristics with optimal surgical choices.
Methods
We have retrospectively analyzed patients with IACs (cysts secondary to brain 
Results

Patient population
Of the 134 pediatric patients studied, the ratio of male to female was 4.4:1 (109/25) and their age ranged from 1 month to 14 years with an average of 5.3 years.
Notably, the majority of them (77.6%, 104 of 134) were younger than 8 years old, compared to those (22.4%, 30 of 134) aged from 8 to 14 years old. Table 2 ). We defined subdural CSF collection with a maximal thickness exceeding 1cm and recorded the cyst size as the stated maximal anteroposterior, craniocaudal and mediolateral dimensions reported by the radiologists and calculated the volume by multiplying the dimensions (i.e.
Symptomatic and Radiological examination
anteroposterior × craniocaudal × mediolateral). In these 9 children suffering from secondary subdural hygroma or hydrocephalus, the average preoperative cyst size was 146.32ml in patients younger than 2 years and 143.87ml in older children, which showed no statistical significance between the two groups. Therefore, for the two age groups, the incidence of subdural fluid collection or hydrocephalus as a complication of cyst resection or fenestration was significantly different (Chi-square test, P<0.005), which implied that microsurgical cyst resection or fenestration might not be the optimal choice of treatment for pediatric patients under 2 years old. We also took into consideration other factors such as preoperative midline shift, gender and cyst location, that might contribute to the secondary shunt procedures following initial cyst resection or fenestration, and found no statistical differences of these factors between the two age groups (Fisher's exact probability test, midline shift, p>0.05; gender p> 0.05; cyst location, p>0.05).
Notably, an 11-month-old boy received successive subdural-peritoneal shunt and VP shunt after microsurgical cyst resection. Initially, a growing arachnoid cyst was 
Discussion
The exact prevalence and natural history of IACs remain unclear. In accordance with other reports, male dominance was significant in our series with the male to female ratio being 4.4:1 (109:25). With respect to the age prevalence, our 134 cases showed a higher age distribution under 8 years old, compared to those aged 9 to 14. However, another report by Al-Holou et al describing 309 pediatric patients with IACs, identified from a 11,738 children survey by MRI scanning, found no significant difference based on age distribution [2] . The discrepancy could be because most of our cases were symptomatic at hospitalization while the 309 cases of Al-Holou et al were screened from an asymptomatic population. Only a minority of asymptomatic arachnoid cysts would grow and develop symptoms at last, and even fewer children older than 4 years experienced cysts growth [2, 17] . However, of our 15 cases that were initially observed and then operated on for cyst enlarging or symptoms development, 7 (46.7%) were above 4 years old. Notably, the authors of the current study had ever treated 2 patients older than 60 years who had dramatically enlarged IACs and increased intracranial pressure and then underwent CP shunts (Data not presented). Together with the spontaneously disappeared IAC cases in our series, the exact natural history of IACs seemed unpredictable and elusive, and more data were needed to clarify it.
The treatment strategy of IAC patients was also a topic with controversial opinions.
One of the controversies was the surgical indication for those patients with unspecific minor symptoms such as mild headache or dizziness. There was consensus that symptomatic IACs causing intracranial hypertension, seizure attacks or neurological deficits were recommended for surgeries. However, when referring to unspecific or minor symptoms, clinicians tended to select conservative therapy.
In our study, in the group of patients with minor symptoms, the improvement after surgery was significant except for one case with postoperative shunt infection, one case developing shunt dependency syndrome and another one complaining of no relief of headache. Furthermore, 23 children in our series with giant IACs while presenting with no definite symptoms underwent surgical treatments, 18 of which experienced cyst volume reduction by more than 20% without any new symptoms.
The results demonstrated that surgical managements might also be beneficial for children with large IACs with no or minor symptoms.
The potential rupture risk had been suggested as an indication for surgical treatment of asymptomatic IACs [4] . However, our three cases undergoing burr-hole drainage due to cyst rupture or hemorrhage after minor brain injuries achieved satisfactory outcomes without any neurological deficits and the cysts almost disappeared after burr-hole drainage. The favorable outcomes after surgeries due to posttraumatic cyst rupture or hemorrhage have also been reported by other authors
[17], thus, the potential rupture risk might not necessarily be indicated for surgeries in children with asymptomatic IACs [2] .
Another challenge in the treatment of IACs was the choice of optimal surgical approaches. In this series, 9 out of the 71 children receiving microsurgical or endoscopic fenestration suffered from apparent subdural fluid collection or hydrocephalus and underwent secondary shunt procedures, of which one child received sequential subdural-peritoneal and VP shunt. 6 of these 9 children were younger than 2 years old (P<0.005 with shunt dependency in our study were treated with microsurgical resection of the shrunken cyst wall. Because of the remarkably decreased cyst size after primary shunts, the shrunken cyst wall could be well visualized under the microscope after only slightly enlarging the burr hole where the primary shunt catheter was previously inserted. During the operation, the cyst membrane was found to be dense and significantly thickened and partially covering the catheter end, and the surrounding brain cortex looked moderately stiff and more vascularized by tiny pia blood vessels than the normal cortex. Under the microscope, the cyst wall could be easily removed including a portion of visceral membrane covering the cortex. The proposed pathogenesis of the syndrome might be the collapsed cyst wall intermittently obstructing the proximal catheter and the progressively decreased cerebral compliance due to chronic fibrosis [20, 21] . Regression of CSF absorption after shunt might also be involved [22] . Together with our experience, the keyhole resection of the collapsed cyst wall could be performed as a minimally-invasive, effective and economic treatment strategy for such patients. However, a longer follow-up period after the secondary cyst resection and an investigation of more cases were warranted.
Limitations of the study
The current study was to correlate the clinical characteristics with optimal surgical choices. However, it was with limitations. Firstly, the study was a retrospective and non-randomized review. Secondly, more patients especially those younger than 2 years old and undergoing endoscopic surgeries would have been included to support our conclusions. Moreover, SPECT scan, considered as an objective examination and suggested by some authors, could be adopted to evaluate post-surgery improvements. Furthermore, most of our cases presented with huge cysts and the quantity of those classified into Galassi II (5 patients) and Galassi I (2 patients) were much less, therefore, we had not grouped our cases according to Galassi classification. Table 3 The reason for surgeries and evaluation of outcomes of the initial treatment A: Subdural hygroma mixed with a small amount of blood was found after a brain injury and 
Conclusions
